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Description 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

[0001 ] The present invention relates to an organic insulating composition, which is electrically insulatlve in nature and 
has excellent thermal conductivity. 

10 Description of the Prior Art 

[0002] Almost all electric appliances covering from motors and generators to printed circuit boards and IC chips are 
constituted of conductors, through which an electric current is passed, and insulating materials. In recent years, minia- 
turization of these electric appliances is in rapid progress, for which requirements of characteristic properties for insu- 

75 lating materials become very severe. Especially, the quantity of heat generated from conductors, which are packed in 
high density owing to the miniaturization, increases, with the attendant problem as to how to dissipate the heat 
[0003] Conventionally, organic insulating compositions have been in wide use as an insulating material for various 
types of electric appliances because of their high insulating performance and the ease in molding. However, organic 
insulating compositions are usually low in thermal conductivity, which is one of factors impeding such dissipation of heat 

20 as mentioned above. Accordingly, necessity for organic insulating compositions having high thermal conductivity is very 
high, 

[0004] For achieving high thermal conductivity, there is known a method of utilizing conductive materials to an extent 
not impeding insulating properties. For instance, in Japanese Laid-open Patent Application No. Sho 61-2716, there are 
described thermoplastic plastics, wherein powders of light metals such as aluminum or powders of non-fenous metals 

25 are filled in resins, ensuring good thermal conductivity and electric insulation. Japanese Laid-open Patent Application 
No. Sho 63-175493 sets out a printed circuit board that makes use. as an insulating material, of electron conjugated 
aromatic polymers such as polythiophene. This utilizes the nature of electron conjugated aromatic polymers: such pol- 
ymers serve as a conductor when used in combination with dopants; and they serve as an insulator when any dopant 
is not contained. However, these methods make essential use of conductive substances, so that the dielectric break- 

30 down voltage of the organic insulating compositions becomes very low. 

[0005] Another method of achieving high thermal conductivity is one wherein inorganic ceramics of high thermal con- 
ductivity are filled in organic Insulating compositions. Examples of inorganic ceramics known in the art include silicon 
dioxide, aluminum oxide, magnesium oxide, beryllium oxide, boron nitride, alunrtinum nitride, silicon nitride, silicon car- 
bide, aluminum fluoride, calcium fluoride and the like. When inorganic ceramics having both electric insulating proper- 

35 ties and high thermal conductivity are filled, dielectric breakdown voltage is improved while achieving high thermal 
conductivity. However, when inorganic ceramics are mixed with a monomer of the organic insulating composition, the 
resultant mixture has a much increased viscosity Thus, working properties become very poor, and it is difficult to make 
a fine structure. Moreover, it is known that organic insulating compositions filled with inorganic ceramics lower in 
strength. In addition, conrposite organic insulating compositions, wherein two or more materials are mixed as set out 

40 above, are liable to cause separation at the interfaces between the two or more materials, with the possibility that when 
these compositions are used over a long time, an abrupt lowering, such as of dielectric breakdown voltage, may occur. 
[0006] In Japanese Laid-open Patent Application No. Sho 61 -296068, there is described a plastic compound of high 
thermal conductivity, in which polymer f bers oriented to a super-high degree are filled. This makes use of the nature of 
polymer fibers, as set forth in POLYMER Vol. 19. P. 155 (1978), that super-highly oriented polymer fibers have thermal 

45 conductivity inproved along a fiber axis. However, the super-highly oriented polymer fibers lower in thermal conductivity 
in directions vertical to the fiber axis. If the polymer fibers are randomly dispersed in an organic insulating corrposition, 
its thermal conductivity is not improved to an extent. When polymer fibers are allowed to align in one direction in an 
organic insulating composition, the resultant organic insulating composition exhibits excellent thermal conductivity 
along the sdigned direction, but its thermal conductivity in the other directions conversely lowers. Further, the composi- 

50 tion of this case consists of a composite insulating composition, which contains a mixture of two materials. As set out 
hereinabove, such a composition is liable to cause separation at the interlace therebetween. 

[0007] For achieving high thermal conductivity of a single organic insulating composition, a method is known wherein 
it is utilized that thermal conductivity along the direction of an oriented molecular chain becomes high. In Japanese 
Laid-open Patent Application Nos. Hei 1-149303. Hei 2-5307. Hei 2-28352. and Hei 2-127438. there are described 
55 methods of preparing organic insulating compositions comprising polyoxymethylene or polyimides in a state of being 
applied with an electrostatic voltage. In Japanese Laid-open Patent Application No. Sho 63-264828, sheets of the type, 
in which molecular chains of polypropylene, polyethylene or the like are aligned, are laminated so that the directions of 
the alignment are superposed and bonded together to obtain a laminate. Thereafter, the laminate is cut into thin pieces 
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along a direction vertical to the direction of the alignment to obtain an organic insulating composition wherein the molec- 
ular chains are aligned in the vertical direction. In these methods, the molecular chains are aligned in a given direction 
in order to make use of the thermal conductivity increasing along the molecular chains. However, such organic insulat- 
ing compositions exhibit lower thermal conductivity in the other directions. 

[0008] In ADVANCED MATERIALS. Vol. 5. p. 107 (1993) and German Laid-open Patent Application No. 4226994 
there are described materials obtained by orienting a monomer, such as a diacrylate having a mesogen group, in one 
direction and subjecting it to crosslinking reaction. In these materials, molecular chains are likewise aligned in one 
direction so as to utilize thermal conductivity that becomes higher along the direction of the molecular chains. Accord- 
ingly, the resultant organic insulating compositions become lower in thermal conductivity In the other directions. 
[0009] As a method which makes use of a single organic insulating composition and with which high thermal conduc- 
tivity in all spatial directions can be achieved, it may occur to use a method of converting an organic insulating compo- 
sition into a single crystal. However, it is actually very difficult to convert an organic insulating composition Into a single 



15 SUMMARY OF THE INVENTION 



[001 0] It is accordingly an object of the invention to provide an organic insulating composition, which has good electric 
insulating properties and excellent thermal conductivity 

[001 1 ] We have made it clear that low thermal conductivity ordinarily experienced in organic insulating compositions 
20 IS ascribed to defects present in the organic insulating compositions. It has been found that when an organic insulating 
composition has a liquid crystal resin comprising a polymerization product of a resin composition containing a monomer 
which has a mesogen group, defects in the organic insulating composition are reduced in number, thereby providing an 
organic insulating composition having a thermal conductivity of 0.4 W/mK or over. In addition, the organic insulating 
composition has thermal conductivities In two or more directions including directions substantially vertical to each other 
25 which are, respectively 0.4 W/mK or over. 



BRIEF DESCRIPTION OF THE DRAWINGS 
[0012] 

30 

Figs. 1 A to 1C are. respectively, schematic views illustrating molecules of a monomer having a mesogen group but 
not ananged. a liquid polymer of a monomer having a mesogen group partially arranged In order, and a solid pol- 
ymer of a monomer having a mesogen group partially arranged in order; 

Fig. 2 is a schematic perspective view showing a generator coil using an electrically insulating composition of the 
35 invention: and 

Fig. 3 is a schematic sectional view showing a semiconductor package using an electrically insulating conposition 
of the invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

40 

[0013] Features and embodiments of the invention are described below. 



(1) An insulating composition of the invention is characterized in that a insulating composition has a liquid crystal 
resin comfDrising a polymerization product of a resin composition containing a monomer which has a mesogen 
group, having the thermal condutivities of the composition in directions mutually vertical to each other are. respec- 
tively, at 0.4 W/mK or over. 

[0014] The monomer contained in the resin composition should preferably have an epoxy group. 

[001 5] Moreover, the monomer preferably has a mesogen group of the following formula (1 ) in the molecule. 



55 



BNSDOCID: <EP 0944098A2_L> 



3 



EP 0 944 098 A2 



(Y)n (Y)n 

wherein X represents single bond, - n = n-, — csc-, -ch=sn-. 



70 



75 



20 



-CH = CH-, '-CH = C-, -CH:=CH-C-, -CH = C-, 

I II I 

CH, O CN 



-N = N- , -CH = N- 
O 



(Y)n (Y)„ (Y)„ 



(Y)„ CY)| 
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35 



or a combination of two or more groups indicated above, 
and Y represents -R, -OR (in which R is an aliphatic 
hydrocarbon having 1 to 8 carbon atoms), -F^ -Cl^ -Br, -1, 

-CN, -NOj, -C-CHj. 

II 

o ( 1 ) 



40 



45 



SO 



55 



[00161 The polymerization of the resin composition containing a monomer may be carried out. if necessary. (A) in an 
electric field. (B) in a magnetic field. (C) while irradiating an electromagnetic wave, or through a combination of (A) to 
(C) 

[0017] After polymerization, the resin composition may be stretched, rolled, or rubbed. When the polymerization is 
carried out under such conditions as mentioned above or when the resultant composition is treated after the polymen- 
zation it becomes possible to preferentially turn molecular chains of a monomer in a certain direction, thereby achiev- 
ing better thermal conductivity along the direction. In addition, because the liquid crystal resin is contained, thermal 
condutivities in the other directions are also good, 

[0018] It will be noted that for stretching, there can be used a longitudinal stretching machine having two or more rolls 
whose rotation speeds differ from each other. When a sheet-shaped resin composition is drawn first to a lowerspeed 
roll of a longitudinal stretching machine and then to a higher-speed roll, there can be made a sheet stretdied at a draw 
ratio between the speeds. The molecular chains are likely to be oriented in the stretched direction. 
[0019] On the other hand, the rolling may be performed, for example, by use of a calender having two or more rolls. 
The resin composition in the form of powder, lumps or a sheet is sandwiched between the rolls of the calender and ther- 
mally compressed, thereby obtaining a sheet rolled between the rolls. The molecular chains are likely to be oriented in 
the rolled direction. 

[0020] The resin composition may further comprise inorganic ceramics. 

[0021] The inorganic ceramics, which may be present in the resin composHion. should preferably have a thermal con- 
ductivity of 1 W/mK or over. Specific examples include those selected from silicon dioxide, aluminum oxide, magnesium 
oxide beryllium oxide, boron nitride, aluminum nitride, silicon nitride, silicon carbide, aluminum fluoride and calaum f lu- 
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oride. These may be used singly or in combination of two or more. 

[0022] Especially, the Inorganic ceramics, which can be contained in the organic insulating composition of the inven- 
tion, should preferably be those ceramics having a thermal conductivity of 1 W/mK or over and include, for example, 
silicon dioxide, aluminum oxide, magnesium oxide, beryllium oxide, boron nitride, aluminum nitride, silicon nitride, sili- 
5 con carbide, aluminum fluoride and calcium fluoride. More preferably, those Inorganic ceramics having a thermal con- 
ductivity of 10 W/mK or over are used. Including, for example, aluminum oxide, magnesium oxide, boron nitride, 
aluminum nitride, silicon nitride, silicon carbide and aluminum fluoride. Of these, aluminum oxide having a volume 
resistance of 10^® Clem or over is most preferred. 

[0023] It is preferred that a resin composition Is heated under conditions that a monomer having a mesogen group is 
10 partially arranged in order when the polymerization starts. 

[0024] The liquid aystal resin of the invention Is obtained by potymerizing a resin composition containing a monomer 
which has a mesogen group under conditions that the monomer is partially arranged in order at least during polymeri- 
zation, that is freezed remaining partially arranged In order. The liquid crystal resin is confirmed by a polarizing optical 
microscope or x-ray diffraction. 

15 [0025] The organic insulating composition of the invention is obtainable by polymerizing a monomer having a mes- 
ogen group. Polymers and resins, which can be ordinarily utilized for insulating purposes, are preferred, including polya- 
mides, polyesters, polycarbonates, polysulfones, polyimides. polybenzimidazoles. polyurethanes, epoxy resins, acrylic 
resins, methacrylic resins, unsaturated polyester resins, and the like. Of these, thermosetting resins having high 
strength are preferred, including polyurethane resins, epoxy resins, acrylic resins, methacrylic resins, and unsaturated 

20 polyester resins. In view of the ease in molding and the high Insulation, epoxy resins are more preferred. 

[0026] The mesogen group used herein means a functional group capable of developing liquid crystallinlty. Specific 
examples include those of the formula (3) indicated below. 
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wherein X represents single bond, - n = N~, -chc-, - ch = n - . 



CH = CH-, -CH=C-, -CH=CH-C-, -CH = C-. 

^ II I 



CH. 



II 4r >^ 

o . o o 



CN 



(Y)n 




- O - C V- C - O - 

O 



CY)n 



■° <V)n 



(Y), 



(n=0~4. m=0->'a, l=0~12) 



or a combination of two or more groups indicated above, 
and Y represents -R, -OR (in which R is an aliphatic 
hydrocarbon having 1 to 8 carbon atoms), -F, -CI, -Br, -1, 



-CN, -NO,, -C-CHj 

II 

o 



(3) 



[0027] Preferably, mention is made of groups of the following formula (1), which are unlikely to undergo hydrolysis. 
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Wherein X represents single bond, -n = n-, -c = c- 



- C H = N - 
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or a combination of two or more groups indicated above, 
and Y represents -R, -OR (in which R is an aliphatic 
hydrocarbon having 1 to 8 carbon atoms), -F, -ci, -Br, -1, 
-CN, -NO,, -C-CH3. 
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[0028] The polymers of monomers having such a mesogen group as indicated above are resistant to water and reli- 
able over a long time, so that the composition comprising the polymer can be used outdoor purposes, and thus have 
utility over a wide range of fields. 

[0029] In the organic insulating composition of the invention, a resin composition containing a monomer which has a 
mesogen group may not be arranged in order when the polymerization starts, but must be partially arranged in order 
during polymerization. It is preferred to use a preparation process wherein a resin composition is heated under condi- 
tions that a monomer having a mesogen group is partially arranged in order when the polymerization starts. 
[0030] Because an organic insulating composition of the invention has a liquid crystal resin comprising a polymeriza- 
tion product of a resin composition containing a monomer which has a mesogen group, the composition exhibits excel- 
lent thermal conductivity in two directions substantially vertical to each other. This leads to improved dissipating 
properties of heat generated from conductors of electric appliances. Electric appliances, which make use of the organic 
insulating composition of the invention, are thus improved in heat dissipating properties and can be down-sized. 
(0031 ] It has been made clear that a material, which is obtained by orienting a monomer of the afbre-indicated formula 
(3) having the mesogen group in a given direction and is subsequently subjected to crosslinking reaction, is not resist- 
ant to water and is poor in long-term reliability; and this is caused by the hydrolysis of a carboxyf group contained in the 
mesogen group. It has been found that when using a monomer having a carboxyl group-free mesogen group in the mol- 
ecule, good long-term reliability is ensured. 

[0032] According to another embodiment of the invention, there is provided an organic insulating composition which 
conprises a polymerized product obtained by polymerizing a resin composition containing a monomer having a mes- 
ogen group of the afbre-indicated chemical formula (1), and exhibits liquid crystallinity or a liquid crystal state, wherein 
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the composition has a thermal conductivity of 0.4 W/mK or over 

[0033] This organic insulating composition is conveniently usable as all or part of insulating materials for electric appli- 
ances, which include both conductors for passing an electric current and insulating materials. The conductors used in 
electric appliances generate heat since an electric current passes therethrough. The insulating composition of the 

5 invention is particularly suitable for use in such heat-generating articles. Accordingly, a thermosetting resin composition 
capable of polymerization by application of heat that is hard to deforrn is essential in this case. It will be noted that the 
monomer used in the case should preferably have an epoxy group. In this emlDodiment, the organic insulating compo- 
sition may further treated under such polymerization conditions as set out hereinbefore or may be subjected to treat- 
ment after the polymerization in the afore-stated manner. In addition, such inorganic ceramics as indicated before may 

10 be incorporated in the composition. In the case, the electrically insulating conposition may consist of ones which have 
been described hereinbefore as an organic insulating composition. 

[0034] The mesogen group used in this ennbodiment is a functional group which is free of any cart>oxyl group and is 
able to develop liquid crystallinity. Specrtic examples include those indicated in the afore-indicated chemical formula (1). 
Because of the at^sence of a cartx)xyl group, hydrolysis is unlikely to occur, thus ensuring excellent long-term reliability. 

15 [0035] Such an insulating composition has a liquid crystal resin conprising a polymerization product of a resin com- 
position containing a monomer which has a mesogen group without carboxyl group, thus exhibiting excellent thermal 
conductivity. The composition not only can improve dissipating properties of heat generated from conductors of electric 
appliances, but also has good long-term reliability owing to the absence of a cartx>xyl group. When using the electrically 
insulating composition of the invention, electric appliances are improved in heat dissipating properties and are enabled 

20 to be down-sized, ensuring their use in severe environments. 

[0036] According to a further embodiment of the invention, there is provided an insulating composition having a liquid 
crystal resin comprising a polymerization product of a resin composition containing a monomer which has at least one 
reactive group selected from the group consisting of reactive groups of the following formula (2) and a mesogen group. 
Preferably, the composition should have a thermal conductivity of 0.4 W/mK or over. 



25 



30 



35 



-O-Z. -C-O-2. -C-Z. . -N«C=0, ~<^~<=>-^- 

I 11 \ 2 ~ D O 

o o ^ o o 

wherein Z represents hydrogen> an aliphatic hydrocarbon 
having 1 to 4 carbon atoms or a halogen • (2) 



[0037] The nrwnomer used in this embodiment should preferably have a mesogen group of the chemical formula (1) 
in the molecule, f^oreover. the composition may be polymerized urxier such conditions as set out hereinbefore, or may 
40 be further treated after polymerization. In addition, such inorganic ceramics as indicated before may be added to the 

composition. 

[0038] The organic insulating composition may comprise those polymers or resins indicated before. Preferably, men- 
tion is made of pdyamides. polyesters, polycarbonates, polysulfones, polyimides. polybenzinriidazoles, polyurethanes. 
epoxy resins, acrilic resins, methacrylic resins, unsaturated polyester resins, and the like. In view of the ease in molding 
45 and the excellence in insulating properties, epoxy resins are more preferred. 

[0039] The reactive groups of the monomer used in the present invention include preferably those groups of the for- 
mula (2). 

so 
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o o o o 

wherein Z represents hydrogenv an aliphatic hydrocarbon 

having 1 to 4 carbon atoms or a halogen. (2) 



[0040] The mesogen group used herein is preferably a functional group capable of developing liquid crystalllnlty and 
15 includes ones indicated In the aforeindicated formula (3) . More preferably, the group indicated in the afore-indicated for- 
mula (1) is mentioned since such a group is unlikely to undergo hydrolysis. 

[0041 ] The theory as to why the composition of the invention can achieve high thermal conductivity is considered as 
follows. Thermal conduction of material is broadly divided into electronic conduction and phonon conduction. The ther- 
mal conduction of an insulator is based mainly on phonons, and the thermal conductivity of the insulator lowers owing 
20 to the static scattering of phonons in defects in the material and also to the umklapp process, which is caused by mutual 
collision of phonons based on molecular vibrations or the anharmonicity of lattice vibrations. Ordinary organic insulating 
compositions (polymers) have a number of defects therein and exhibit great anharmonicity of molecular and lattice 
vibrations, thus being generally small in thermal conductivity. 

[0042] For increasing the thermal conductivity of organic insulating compositions (polymers), usual practice is to make 

25 use of electronic conduction, for which conductive polymers are frequently employed. As a matter of course, however, 
such a conductive polymer lowers in electric insulation and cannot be used as an insulating material. 
[0043] Another approach is to utilize the nature of polymers wherein their thermal conductivity is greater along the 
direction of the main chain thereof. The main chains of a polymer are combined via strong conjugated bond, so that the 
anharmonicity of vibrations (phonons) along the main chains is small. In addition, defects, which cause the static scat- 

30 taring of phonons, are much smaller than those present in a direction betweevibrations occurring along the main chains 
(i.e. a direction vertical to the main chains). More particularly, the umWapp and static scattering processes of phonons 
are both smaller along the main chains than along the intramolecular direction, thus thermal conductivity along the main 
chains becoming greater. In this approach, main chains are oriented in a desired direction, making use of a thermal 
conductivity increasing along the direction of the orientation. For the orientation of main chains, there may be used a 

35 stretching method, a method using an electric field, and a rubbing method. 

[0044] In the prior art methods, although thermal conductivity along the direction of orientation increases, thermal 
conductivity along the direction vertical to the first-mentioned direction rather decreases. On use as an Insulting mate- 
rial, it is predominantly intended that thermal conductivity is increased along a thickness of a polymeric insulator film. 
When using the prior art techniques wherein a polymer ts oriented along the main chains thereof. It is very difficult to 

40 increase thermal conductivity along the thtekness of a polymeric insulator film. 

[0045] In the practice of the Invention, attention has been paid to the feet that if the property of order of a substance 
increases, thermal conductivity can be increased along a direction vertical to molecular chains, f^ore particularly, the 
increase of the order property results in the decrease In anharmonicity of vibrations and also in the reduction in number 
of defects which cause static scattering of phonons. In order to increase the property of order of a substance to a max- 

45 imum. perfect crystals should be utilized (for one instance, diamond exhik)its a very high thermal conductivity). However, 
it is substantially impossible to apply perfect crystals of polymer insulators as an insulating material. In the present 
invention, attention has been drawn to a liquid crystal state of a substance, which has a high degree of order next to 
crystals. More particularly, an organic insulating composition obtained by polymerizing a monomer having liquid crys- 
tallinity has a reduced number of defects not only in the direction of molecular chains, but also in a direction vertical to 

so the molecular chains due to the presence of the liquid crystal state. Moreover, such a composition exhibits small anhar- 
monicity of vibrations. Accordingly, the composition has greater thermal conductivity irrespective of a specific direction 
of orientation on comparison with conventional organic polymer Insulating materials. 

[0046] As the most preferable mesogen group, which is a functional group capable of developing liquid crystallinity, 
there is mentioned a group of the following formula (4) because of the ease in synthesis. From the standpoint that deg- 
55 radation caused by hydrolysis is unlikely to occur, the groups of the afore-indicated formula (1) is preferably used. It 
should be noted that the groups of the afbre-indicated formula (3) can be used without limitation to achieve the pur- 
poses of the invention in view of the fact that they are a functional group capable of developing liquid crystallinity. 
[0047] The term "liquid crystallinity" is intended to mean a property of liquid present in a given temperature range in 
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the intermediate between crystals and a liquid. 
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10 




CH3 CH3 



15 




(4) 

so 



[0048] The invention Is more particularly described by way of examples. 

25 

Example 1 

[0049] An epoxy resin composition obtained by mixing 270 g of 4.4'-biphenyt digtycidyt ether and 200 g of 4,4'-diami- 
nophenylbenzoate was cast into a mold, and cured at 

30 

150 te 

for 10 hours, followed by further thermal curing at 

35 

200 te 

for 5 hours to obtain an epoxy resin sheet with a thickness off 1 mm. . 
40 [0050] The epoxy resin sheet was subjected to measurement of thermal conductivities along its thickness and in an 
in-plane direction. The thermal conductivity was calculated from the thermal diffusivity and specific heat capacity along 
the thickness and in the in-plane direction, which were, respectively, determined according to a laser flush method, and 
also from a density of a sample. The measurement was made at room temperature. The thermal conductivities along 
the thickness and in the in-plane direction were, respectively, 0.43 to 0.44 W/mK, indicating excellent thermal conduc- 
es tivities. 

[0051] The thermal conductivity can be calculated according to the following equation. 

Thermal conductivity = (thermal diffusivity) x (volumetric specific heat capacity) x (density) 

so [0052] The thermal diffusivity can be measured both in an in-plane direction and along the thickness according to a 
laser flush method. Moreover, a value of (volumetric specific heat capacity) x (density) can also be measured according 
to the laser flush method. 

[0053] The laser flush method is one wherein laser pulses are irradiated on a sample surface, and a heat constant is 
measured from a temperature hysteresis at an opposite surface of the sample. From a width of elevation to a maximum 
55 temperature at the opposite surface of the sample, a value of (volumetric specific heat capacity) x (density) is calcu- 
lated, and the thermal diffusivity is determined from a time before the temperature of the opFX)site surface of the sample 
is elevated to 1/2 of the width of elevation to the maximum temperature. A detection point is at the opposite surface 
within a zone of the laser irradiation for the direction along thickness and at the opposite surface outside the zone of the 
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laser irradiation for the in-plane direction. The sample has such a shape of 10 * x 1 mm for the direction of thickness 
and of 3 mm square x i mm for the in-plane direction. 

[0054] Hydrolysis was evaluated as follows: the epoxy resin sheet was subjected to a tensile test prior to and after 
treatment with saturated steam at 

5 

121 te 

for one day; and a lowering rate of the tensile strength was calculated. The tensile test was conducted at room temper- 
10 ature. and tensile strength was obtained as an average value of three samples. With the above resin, the lowering rate 
was found to be 10%, indicating an excellent long-term reliability. 

[0055] Reference is now made to Figs. 1 A to 1 C tor illustrating a change during polymerization of a monomer which 
has a mesogen group. In Figs. 1 A to 1C, designated at 1 is a mesogen group 1, at 2 is a monomer having a mesogen 
group. As shown in Fig. 1 A. the molecules of the monomer 2 have the mesogen group 1 , but the molecules do not be 
15 arranged in order when the polymerization start at 150*0. As shown in Fig. 1 B. the molecules are partially arranged in 
order during polymerization. After that, as shown in Fig. 1C, the molecules are freezed remaining partially arranged in 
order. The molecules of the monomer 2 have the mesogen group 1 must be partially arranged in order at least during 
polymerization. 

20 Example 2 

[0056] An epoxy resin composition obtained by mixing 270 g of 4.4'-biphenyl diglycidyl ether and 200 g of 4,4*-diami- 
nophenyibezoate was cast into a mold, and cured at 

25 

ISOte 



for 10 hours while applying a voltage of 1 kV along a thickness, followed by further thermal curing at 

30 

200 te 



for 5 hours to obtain a 1 mm thick epoxy resin sheet. 
35 [0057] In the same manner as in Example 1 , the epoxy resin sheet was subjected to measurement of thermal con- 
ductivity along its thickness and in the in-plane direction. The thermal conductivity along the in-plane direction was 
found to be at 0.43 W/mK. which was Substantially the same value as in Example 1 wherein no voltage was applied to. 
The thermal conductivity along the thickness was at 2.2 W/mK. These values indicate excellent thermal conductivities. 
[0058] The epoxy resin sheet was treated In saturated steam at 

40 

121 te 

for one day in the same manner as in Example 1 , revealing that the lowering rate of tensile strength was found to be 
45 1 3%. indicating an excellent long-term reliability. 

Example 3 

[0059] An epoxy resin composition obtained by mixing 370 g of 4,4'-bis(3.4-epoxybutene-1-yloxy)phenyl benzoate 
so and 200 g of 4,4'<liaminodiphenylmethane was cast Into a mold, and cured at 

170 t6 



55 for 10 hours, followed by further thermal curing at 
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200 te 

5 for 5 hours to obtain a 1 mm thick epoxy resin sheet 

[0060] In the same manner as in Example 1 , the epoxy resin sheet was sitojected to measurement o< thermal con- 
ductivity along its thickness and In the in-plane direction. The. thermal conductivities along the thickness and in the 
inplane direction were, respectively. 0.44 to 0.46 W/mK, indicating excellent thermal conductivities. 
[0061] The epoxy resin sheet was treated in saturated steam at 

10 

121 te 



for one day in the same manner as in Example 1 , revealing that the lowering rate of tensile strength was found to be 
IS 45%, 

Connparative Example 1 

[0062] An epoxy resin sheet was made in the same manner as in Example 1 using bisphenol A-diglycldyl ether. 
so [0063] In the same manner as in Example 1 , the epoxy resin sheet was subjected to measurement of thermal con- 
ductivity along its thickness and in the in-plane direction. The thermal conductivities along the thickness and in the 
inplane direction were, respectively. 0.18 to 0.20 W/mK, indicating excellent thermal conductivities. 
[0064] In the same manner as in Example 1 . the epoxy resin sheet was treated in saturated steam at 



25 



30 



121 te 

for one day. with the result that the lowering rate of tensile strength was at 1 1%. 



35 



40 



45 



SO 



55 
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No. 



Example 1 
Example 2 



Table 1 



Epoxy Resins* 

X n 



10 



single bond 



1 
1 



Voltage thermal Conductivity |W/mK) 

(kV) Thickness Direction In-Plane Direction 



0 
0 



0.40 
0.57 



0.42 
0,55 



Example 3 ~°"n 



0*50 



0.49 



15 



20 



25 



Example 4 

Example 5 

Example 6 

Example 7 



Example 8 -o-c- 
0 



single bond 



o o 



single bond 



4 
4 

1 
1 



0 
0 

5 
5 



0.41 
0.68 

4.5 

5,8 

4.7 



0.42 
0.69 

0.43 
0.55 

0.50 



30 



35 



40 



Example 9 
Example 10 
Comparative 
Example 1 



single bond 



' c - 



4 
4 
1 



* Structure of epoxy resins 



5 
5 
0 



CH,-CH-f C H,- 
O 



^ohQ^xhQko-^. 



4,9 
6.1 
0.20 



CH,-^CH-CH 
O 



0.42 
0.70 
0.18 



45 



Example 4 

[0065] 100 g of 4,4'-diamino-a-mGthylstilbene and 120 g of pyromellitic dianhydride were reacted in 20 ml of N,N'- 
50 dimethylacetamide at room temperature for 5 hours to prepare polyamic acid. The polyamic acid solution was coated 
onto glass and dried at 



120 te 



55 



for 2 hours, thereby obtaining an 



13 
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80 y m 

5 thick polyamic acid film. The film was thermally treated at 

300 te 

10 

for 1 hour to obtain a polyimide film. 

[0066] The thermal conductivities in two directions within the plane o1 the polyimide film were measured. The thermal 
conductivities were calculated from the thermal diffuslvities and specific heat capacities in two vertical in-plane direc- 
tions, which were, respectively, determined according to an optical alternating current method, and also from the den- 
15 sity of a sample. The measurement was conducted at room temperature. The thermal conductivity in either direction 
was found to be at 0.44 to 0.45 W/mK. indicating excellent thermal conductivities. 
[0067] In the same manner as in Example 1 . the polyimide film was treated in saturated steam at 

121 te 



for one day, from which the lowering rate of tensile strength was found to be 5%. indicating an excellent long-term reli- 
ability. 

25 

Example 5 

[0068] 100 g of 4,4'-diaminophenyl benzoate and 120 g of pyromellitic add dianhydride were used to obtain a poly- 
imide film in the same manner as in Example 4. 
30 [0069] In the same manner as in Example 4, the thermal conductivities in the two in-plane directions of the polyimide 
film were measured. The thermal conductivities in both directions were found at 0.44 to 0.46 W/mK, indicating an excel- 
lent thermal conductivities. 

[0070] In the same manner as in as in Example 1 , the polyimide film was treated in saturated steam at 

121 U 

for one day, from which the lowering rate of tensile strength was found to be 33%. 
40 Comparative Example 2 

[0071 ] 1 00 g of 4.4'-diaminodiphenyl ether and 120 g of pyromellitic dianhydride were used to obtain a polyimide film 
in the same manner as in Example 4. 

[0072] In the same manner as in Example 4, thermal conductivities in the two in-plane directions of the polyimide film 
45 were measured. The thermal conductivities in both directions were found at 0.15 to 0.17 W/mK. 

[0073] In the same manner as in as in Example 1 . the polyimide film was treated in saturated steam at 

121 te 

50 

for one day. from which the lowering rate of tensile strength was found to be 5%. 

[0074] As will be apparent from the foregoing, according to the invention, there can be obtained an organic insulating 
composition, which is electrically insulative and has excellent thermal conductivity in directions including two directions 
55 vertical to each other or more. 

[0075] Moreover, the organic insulating composition not only is electrically insulative and has excellent thermal con- 
ductivity, but also ensures long-term reliability. 

[0076] Applications of electrically insulating compositions are illustrated with reference of Figs. 2 and 3. 



14 
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[0077] Fig. 2 shows an generator co\\ using an electrically insulating composition of the invention. The generator coil 
Includes a conductor 10 and an insulation-to-ground layer 1 1 as shown. The layer 1 1 is made of the composition of the 
invention, so that heat generated from the conductor 11 can be effictently dissipated, thus leading to an increase In 
capacity 

[0078] Fig. 3 shows a semiconductor package using an electrically insulating composition. The package includes a 
die pat 44 formed on one side of a printed circuit board 43 through which thermal vias 45 are formed. Solder bump elec- 
trodes 41 are formed on the other side of the board 43. An interconnecting pattern 42 is formed on the one side of the 
pnnted board 43 where the die pat 44 has been formed, and is connected to a bare chip 31 . which is formed on the die 
pat 44. via Au wires 34. The interconnecting pattern 42. bare chip 31 , Au wires 34 and die pat 44 are sealed with a seal- 
ant 32 as shown, thereby forming a semiconductor package. In this arrangement, when the electrically insulating com- 
position of the invention is used to fill the thermal vias 45 of the semiconductor package therewith, the package 
becomes light in weight and permits heat generated from the bare chip to be effectively escaped therethrough. In addi- 
tion, the electrically insulating composition of the invention may be effectively usable as the sealant 32. 

15 Claims 

1. An insulating composition which has a liquid crystal resin comprising a polymerization product of a resin composi- 
tion containing a monomer which has a mesogen group wherein said insulating composition has thermal conduc- 
tivities along directions, which are substantially vertical to each other, at 0.4 W/mK or over, respectively 

20 

2- An insulating composition according to Claim 1. wherein said monomer has an epoxy group. 

3. An insulating composition according to Claim 1 . wherein said monomer has a mesogen group of the following for- 
mula (1) in the molecule 

25 



30 



35 



40 



45 



55 



15 
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20 





(Y)n (Y)„ 

Wherein X represents single bond, - n = n-, -csc- 
-CH = CH-. -CH=C-, -CH = CH-C-, -CH = C- , 



- C H = N - 



I 

CH3 



o o 



C N 





m=0~'8. I=0~12) 



25 



30 



35 



or a combination of two or more groups indicated above, 
and Y represents -R, -OR (in which R is an aliphatic 
hydrocarbon having 1 to 8 carbon atoms), -f, -Cl, -Br, -1, 

-CN, -NOj, -C-CHj. 

II 

(1) 



40 

4. An insulating composition which is adapted tor use in articles generating heat, said composition having a thermal 
conductivity of 0.4 W/mK or over, and having a thermally curing liquid crystal resin comprising a polymerization 
product of a resin composition containing a monomer which has a mesogen group capable of being thermally 
polymerized. 

45 

5. An insulating composition which is adapted for use in articles generating heat, said composition comprising a resin 
composition which has a mesogen group of the following formula (1) in the molecule and has a thermal conductivity 
of 0.4 W/mK 

so 



55 
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CY)n (Y)„ 

Wherein X represents single bond, -n = n-, -C = c-, 
-CH=CH-. -CH=C-. -CH = CH-C-, -CH = C- , 



- C H = N - 



-N = N- .-CH = N-..-,. . 
O O I 



C N 




m=0~a. 1=0~12) 



25 



30 



35 



or a combination of two or more groups indicated above, 
and Y represents -R, -OR (in which R is an aliphatic 
hydrocarbon having 1 to 8 carbon atoms), -f, -Cl, -Br, -1 

-CN, -NOj, -C-CH,. 

II 

■ (1) 



40 

6. An insulating composition which is adapted for use in articles generating heat, said composition having a liquid 
crystal resin comprising a polymerization product of a resin composition containing a monomer which has at least 
one reactive group selected from the group consisting of reactive groups of the following formula (2) and a mes- 
ogen group. 



45 



SO 



65 



B ^ ^ z D 8 

o o o o 

wherein 2 represents hydrogen> an aliphatic hydrocarbon 
having 1 to 4 carbon atoms or a halogen. (2) 
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